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Abstract
Strength of subgrade affects the thickness of pavement layers placed over it. Stronger subgrade results in reduction in design
thickness of the pavement layers placed over the subgrade. For a given project site, the existing subgrade may not always be
strong, hence may require upgradation in terms of improvement of strength. On the other hand, due to rapid industrialization
throughout the world, large amount of waste materials are generated. This creates environmental hazard. So utilization of 
waste materials as an additive to poor subgrade soil can be a feasible solution. It will help to utilize those materials by
reducing the environmental pollution. Additionally, geogrid mesh may be introduced in the soil to increase the strength of the
poor soil. The present study was undertaken with this objective. In the experimental study, Soil (S) is collected from nearby
field of Bengal Engineering and Science University (BESU), Shibpur campus which is mainly silty clay. This soil is mixed 
with the waste material i.e. pondash (P) and rice husk ash (R). Lime (L) is added as an admixture. The mix composition 
ratios are taken as S: P (2:3), S: R (5:1 and 4:1), S: P: R (10:15:2) and S: P: L (50:75:1, 50:75:2, 50:75:3). The unsoaked and
soaked California bearing ratio (CBR) values are of these mixes are observed to increase by 1.16 to 2.06 times and 1.22 to
3.72 times respectively with respect to the parent soil. Further, for attaining better strength geogrids are inserted at half and
one-third height (both from top and bottom of the sample) of the mould. The unsoaked CBR values did not show any
significant change but the soaked CBR value showed substantial increase. The unsoaked and soaked CBR value of S: P (2:3)
is increased by 1.44 and 1.08 times than parent soil for the inserted geogrid at the half height of mould. From the soaked 
CBR value, S: P: R (10:15:2) and S: P: L (50:75:1) are preferred mix after inserting the geogrid at one third of height (at two
places).
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1. Introduction 
 
Lately India is making its place in the map of the world as one of the fastest growing and developing country. 
Government of India and State governments have realized the importance of road transportation sector to keep 
pace with this faster economic growth of this country. As the service-life and performance of the pavements 
depend to a large extent on the strength and stiffness characteristics of subgrade, there is a need to pay attention 
on the quality of the subgrade. The California Bearing Ratio (CBR) is one of the indicators for strength of soil. 
CBR estimates the bearing capacity of subgrades with respect to the strength of well-graded high quality crushed 
stone aggregate. The CBR method of pavement design was introduced by Potter in the 1930s, which 
subsequently gained popularity in the late 1980s (Rollings, 2003). Due to rapid industrialization throughout the 
world, significant amount of waste materials are being generated. This causes environmental hazard. So 
utilization of such waste material may be considered as one of the solutions so as to improve weak subgrade soil. 
The surface of the flexible pavement reflects the deformation of subgrade and the subsequent layers due to 
repetition of traffic loads. So incorporation of fabric reinforcement within the subgrade may reduce such 
deformation. 
  
Nomenclature 
 
S Soil  
P Pond ash 
R Rice husk ash 
L Lime 
IS Indian standard  
CBR  California bearing ratio 
OMC Optimum moisture content 
MDD Maximum dry density 
CL Silty clay 
 
 
2. Background and objectives 
 
Past researchers have attempted using waste materials, such as industrial waste, flyash, waste glass, bottom 
ash, waste plastic, pumice waste  in the subgrade (Prased, Raju & Kumar, 2009; Prased, Kumar ,Raju & 
Kondayya, 2011; Davidovic, Zoran & Prolovic, 2012; Rao & Pothal 2009 ; Saltan, Kavlak & Ertem, 2011). 
They found that lower thickness is being achieved by using those waste materials by increasing strength. 
Geogrid, one kind of geosynthetic is mainly used for separation of the layers and increases modulus and 
stiffness of soil (Budkowska & Yu, 2002) in the pavement construction. Many published papers (Koerner, 1986; 
Moghaddas & Small, 1996; Hass, Walls & Carroll, 1988) demonstrate that the function of any geogrid 
reinforcement provided in the pavement is very complex. Generally geogrid is inserted in the granular base layer 
of the surfaced pavement (Chan, Barksdale & Brown, 1989; Peneer, Hass & walls, 1985). Very common 
application of geogrid is to fix in the fly ash (Kumar & Singh, 2007), soft soil in various layers (Mhaiskar & 
Mandal, 1995) and improvement of CBR value (Naeini & Moayed, 2009). But till now, geogrid is not placed in 
the soil waste material mixture. Therefore, the present study has been taken up with the following objectives:   
 
 To explore the possibility of using alternative waste material  
 To increase the strength of subgrade soil mixes with the waste material and by introducing geogrid mesh at 
the various heights of the subgrade layer. 
 
257 Ambika Kuity and Tapas Kumar Roy /  Procedia - Social and Behavioral Sciences  104 ( 2013 )  255 – 263 
3. Various tests used in this investigation 
 
Va
Proctor density test and California bearing ratio (CBR) have been conducted to observe the soil characteristics. 
These tests have been carried on as per the guidelines of the IS codes. 
 
4. Materials 
 
1.1. Soil (S) 
 
The soil is collected from the Lords Ground, Bengal Engineering & Science University, Shibpur (BESUS), 
West Bengal. The properties of the soil are given in Table 1. As per unified soil classification system (ASTM D: 
2487-06) it has been seen that the soil is above A-line. Thus, soil is designated as CL i.e. silty clay. From 
particle size distribution of the soil, it has been shown that it mainly consists of 76.14% and 20.20 % of silt and 
clay respectively. 
 
Table 1.  Properties of Lords playground Soil 
 
Sl no Test IS codes Test value 
1 Specific gravity IS:2720 (part III/sec 1)-1980 2.74 
2 Particle size distribution Sieving test(IS: 460-1962), 
Hydrometer test (IS:2720 (Part IV)-1985) 
Sand-3.66% 
Silt-76.14% 
Clay-20.20% 
3 Hydrolytic pH test IS 2720 (Part XXVI)-1987 8.00 
4  
Liquid limit 
Plastic limit 
Plasticity index 
IS:2720 (Part V)- 1985  
 37.25% 
23.24% 
14.01% 
5 Proctor density test 
 
Optimum moisture content(OMC) 
IS: 2720 (Part VIII)  
14.62kN/m3 
19.01% 
6 California bearing ratio 
Unsoaked 
Soaked 
IS:2720 (Part XVI)-1979  
3.53% 
2.63% 
7 Unconfined compressive strength 
Stress 
Strain 
IS:2720 (PART X)-1991  
2.465kg/cm2 
0.3175 
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1.2. Pondash (P) 
 
Pondash is collected from Budgebudge Thermal Power Plant, West Bengal. The properties of pondash are 
shown in the Table 2. It is also consisting of silt and clay and it is slightly basic in nature. Pondash is non-plastic 
material. 
 
 
 
                                                                          Table 2. Physical properties of pondash 
 
Sl no Test IS codes Test value 
1 Specific gravity IS:2720 (part III/sec 1)-1980 2.14 
2 Particle size distribution Sieving test(IS: 460-1962), 
Hydrometer test (IS:2720 (Part IV)-1985) 
Sand-3.77% 
Silt-84.20% 
Clay-14.03% 
3 Hydrolytic pH test IS 2720 (Part XXVI)-1987 7.23 
4  IS:2720 (Part V)- 1985 Non plastic 
 
1.3. Rice husk ash (R) 
 
Rice husk ash is collected from rice mill of Burdwan, West Bengal. Silicon dioxide and carbon are main 
chemical compositions of rice husk ash. 
 
1.4 Lime (L) 
 
Hydrated lime is used in this experiment. The physical properties are shown in the Table3. Lime is added as 
an admixture with the soil mixes in various proportions in this investigation. 
 
                                                                              Table 3. Physical properties of hydrated lime 
 
Sl no Test IS code Test value 
1 Specific gravity IS:2720 (part III/sec 1)-1980 2.33 
2 Hydrolytic pH test IS 2720 (Part XXVI)-1987 12.45 
3  IS:2720 (Part V)- 1985 Non plastic 
 
1.5. Geogrid 
 
Geogrids are placed in the half (h/2) and one-third (h/3) of full height of CBR mould. For half height one 
geogrid section has been inserted and two for each one-third layer. The schematic diagram of placing the 
geogrid in CBR sample is shown in Figure 1. The inserted geogrid is shown in the Figure 2(a), (b), (c) and (d). 
From the figure 2 (d), it is seen that the geogrid is not damaged even after soaked CBR test. Used geogrid is 
black in colour. It is collected from Amdao (H.K.) Company Limited, Hong Kong. The size and tensile 
properties of utilized geogrid are given in Table 4. 
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Table 4. Physical properties of used geogrid (specifications supplied by from Amdao (H.K.) Company Limited, Hong Kong)
Geosynthetic property Geogrid
Aperture size (mm × mm) 40×40
Tensile strength kN/m 41.98
Strength at 2% strain 16.00
Strength at 5% strain 30.20
Strain at maximum load(%) 10.79
Carbon black content (%) 2.41
Figure1. Schematic diagram of placing geogrids in CBR soil sample
(a)                                                          (b)
                                                    (c)                                                           (d)
Figure2. (a) Geogrid meshes; (b) cutting piece of mesh; (c) placed at the time of preparing 
of CBR mould; (d) after soaked CBR test at the transportation laboratory, BESUS
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5. Preparation of mixes  
 
The parent soil was mixed with the waste material like pondash and rice husk ash. Lime was added as an 
admixture. The description of mix composition ratios are given in the Table5. 
 
          Table 5. Description of mixes with identification marks 
 
Sl no Mix compositions Ratio 
1 Soil-pondash (SP) 2:3 
2 Soil-rice husk ash  
Mix type 1 (SR1) 
Mix type 2 (SR2) 
 
5:1 
4:1 
3 Soil-pondash-rice husk ash (SPR) 10:15:2 
4 Soil-pondash-lime 
Mix type 1(SPL1) 
Mix type 2 (SPL2) 
Mix type 3 (SPL3) 
 
50:75:1 
50:75:2 
50:75:3 
 
 
6. Test on mixes 
 
6.1 Optimum moisture content and Maximum dry density 
 
The light compaction test or proctor test will be conducted as per IS: 2720 (part VIII). The variations of 
optimum moisture content and maximum dry density of these mixes with the parent soil are shown in the 
Figures 3(a) and (b) respectively. 
 
 
 
Figure 3. (a) Variation of OMC for various mixes; (b) Variation of MDD for various mixes. 
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6.2 California Bearing Ratio test 
 
California bearing ratio (CBR) was conducted as per IS: 2720 (Part XVI)-1979. Unsoaked CBR and soaked 
CBR for parent soil and the mixture have been conducted without geogrid and with geogrid at the height of half 
(h/2) and one-third (h/3) of the CBR sample (that is at two positions). The variations are presents in the Figures 
4 and 5 for unsoaked and soaked CBR test. 
 
 
 
Figure 4: Unsoaked CBR value without geogrid and with geogrid at h/3 and h/2 layer 
 
 
 
Figure 5: Soaked CBR value without geogrid and with geogrid at h/3 and h/2 layer 
 
7. Result and discussion 
 
From the experiments and above figures the following results are obtained: 
 
 After mixing with pondash, rice husk ash and lime with soil  the values of OMC are obtained as 26.29%, 
24.5%, 25.61%, 26.15%, 31.35%, 33.61% and 37.86%  respectively for the SP, SR1, SR2, SPR, SPL1, SPL2, 
SPL3. These values are more than virgin soil as shown in Figure 3(a). When lime is added with soil and 
pondash, the value of OMC crossed 30% as lime reacted with water for chemical stabilization. As water content 
is more for the lime treated soil, it become friable and easier to handle. 
 The experimental values of MDD are 1.31g/cc, 1.47g/cc, 1.41g/cc, 1.38g/cc, 1.12g/cc, 1.1g/cc and 
1.06g/cc respectively for above compositions and this is shown in the Figure 3 (b).  
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 Unsoaked CBR and soaked CBR values are 3.53%, 18.62%, 14.92%, 14.97%,  26.56%, 22.94%, 
23.83%,  24.21%  and  2.63%,  10.14%,  6.24%,  6.00%,  13.82%,  16.36%,  17.46%, 18.21%  respectively for 
the soil and SP, SR1, SR2, SPR, SPL1, SPL2, SPL3 combinations. It is presented in Figures 4 and 5. After 
adding the pondash, rice husk ash and lime, the unsoaked CBR and soaked CBR values are increased by 1.16 to 
2.06 times and 1.22 to 3.72 times respectively than parent soil. 
 The values of unsoaked CBR and soaked CBR are 3.44%, 27.00%, 13.14%, 13.28%, 19.67%, 21.68%, 
20.21%, 16.57% and 1.09%, 10.97%, 10.99%, 10.87%, 19.93%, 19.85%, 12.55%, 8.16% respectively when 
geogrid mesh is inserted at the mid position (h/2) of the prepared samples as shown in the Figures 4 and 5. The 
Unsoaked CBR values are ranges from 2.16 to 9.29 times and from 1.91 to 7.88 times than original soil for h/3 
and h/2 sample. 
 By inserting two geogrid meshes at h/3 height (from both the ends of the sample), the unsoaked and 
soaked CBR values are obtained as 2.49%, 16.85%, 12.55%, 15.63%,  23.16%,  23.12%,  20.66%, 15.35% and 
1.27%, 9.88%, 9.86%, 10.33%, 16.31%, 13.82%, 15.18%, 12.78% respectively for the said samples from 
Figures 4 and 5. The soaked CBR increases in the range of 7.49 to 18.21 times and 7.76 to 12.84 times than 
virgin soil for h/3 and h/2 sample. 
 So insertion of geogrid within the subgrade indicates significant improvement in the CBR values both in 
unsoaked and soaked conditions by providing better resistance against loading. 
 
8. Conclusion  
 
Based on the investigation made in this study, it may be concluded that  
 The soil-pondash mix gives better strength than the soil-rice husk ash mix. This is valid for both 
unsoaked and soaked CBR. Soil-rice husk ash may give poor soaked CBR value due to its expansive nature. But 
for soil-pondash-lime soaked CBR values are increased than other combinations.  
 After insertion of geogrid, the values of CBR in unsoaked condition have not shown better results 
compared to that without insertion of geogrid mesh, except for soil-pondash. But the CBR value in soaked 
condition increased significantly for almost every compositions of mixes with utilization of geogrid at one third 
height than half height of sample. For soil-pondash composition, after inserting the geogrid the unsoaked and 
soaked CBR values are increased by 1.44 and 1.08 times. The preferred compositions will be soil-pondash-rice 
husk ash and soil-pondash-rice husk ash (Mix type 1) in the point of view of soaked CBR value after inserting 
the geogrid in one third of height. 
 
NOTE 
The research sponsoring organization and the authors do not endorse any proprietary products or technologies 
mentioned in this paper. These appear herein only because they are considered essential to the objective of this 
paper. 
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